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Rain•Induoed Spring meat Harvest Losses
Armand Bauer and A. L. Slack
When rain or a combination of rain and high humidity delay wheat
harvest, losses can occur in grain yield and/or grain quality. Yield
losses can result from shattering, from reduction in test weight, and
in the case of windrowed grain, from rooting of sprouting grain at
the soil:wind row contact. Losses in grain quality can result from
reduction in test weight and from sprouting. sprouting causes a
degradation of grain proteins and starches, hence flour quality is
reduced (Gordon et al., 1977), and the grain price deteriorates to
the value of feed grain.
Climatic conditions in North Dakota during harvest of hard red
spring wheat are normally characterized by low rainfall, low
humidity, and warm temperatures (Ramirez, 1972; 1973). These
conditions favor rapid grain drying with little chance for biological
damage to the grain. However, there is a 50% probablity of receiving
at least 0.1 inch rain per week during weeks 30 through 35 (last week
in July to September) and a 15% probability for 0.60 inches during
the same time period (Ramirez, 1973). Also, seeding occasionally is
delayed in the spring, causing harvest to be extended into a cooler
period of the year and hence a less favorable drying period.
Although losses 'in grain yield and quality are rain-induced,
these losses do not necessarily occur because a standing or windrowed
crop is wetted by rain (Wellington and Durham, 1958). Spike water
F
.
concentration in hard red spring wheat must be increased to about
45-49% before sprouting is initiated in grain that has overcome
dormancy (Bauer and Black, 1983). The time required to overcame this
dormancy after the cultivar has dried to 12-14% water concentration
differs with hard red spring cultivars (Bauer and Black, 1983).
The spike can act as a water reservoir from which the grain can
imbibe (absorb) water. The amount of water absorbed by saturated
vegetative tissue of the spike (glum;es, rachis, etc.) and in the
interstitial areas of the spikelets is sufficient to increase the
water concentration in the grain by 42 percentage units, assuming all
the water is transferred from the vegetative parts to the grain. The
grain makes up about 72% of the dry matter of the spike of hard red
spring wheat (Bauer and Black, 1983).
Timgalen wheat grain (Australian soft white wheat) absorbed
water at a rate of about 1.9 percentage units per lour in a linear
manner from 14% water concentration to saturation at about 100%
concentration (Gordon et al. 1977) when the spikes were misted 5
minutes every hour and in the interim kept in a high relative
humidity environment. Water absorption rate by the spike (head) was
about 6 times more rapid than the absorption rate by the grain over
the first 10 hours of wetting. Spikes, including grain, became
saturated at about 130-150%. water concentration, oven-dry basis. The
spikes therefore required ai)out 11 to 12 hours to become saturated
from an initial water concentration of about 14%. Spike water
absorption rate of Wared hard red spring wheat was about 1 percentage
unit per minute over a 50-minute period (Bauer and Black, 1983).
4
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4Grain of Olaf wheat absorbed water at a rate of 1.7 percentage units
Per hour in spikes equilibrated for 15 hours after being misted to
145% water concentration (Bauer and Black, 1983).
Hdrd red spring wheat is harvested by either the swath-oambins
method or by straight combining (simultaneous cutting and threshing)
in the northern Great Plains of the United States and Canada. The
advantages provided by the swath-combine method over straight
combining area (a) the crop is better protected from wind, hail, and
Frost when it is in windre.-ts, b) green weeds are eliminated an a
threshing problem, c) grain water concentration is equalized where
field ripening is not uniform because of soil and topographic
differences, d) the cost to artificially dry grain to assure safe
storage is eliminated or reduced, and e) potential losses from sawfly
infestations are reduced (Dodds, 1967). But the swath-combine method
requires additional equipment, such as a mother and combine pickup
attachment, as well as labor and fuel to operate the mother.
This study was conducted to evaluate and compare the effect of
rain on threshing-ready standing and windrowed hard red spring wheat
grain yield and quality. A goal is to develop capability to forecast
the extent of expected loss of grain yield and quality from specific
climatic events that delay threshing. t
t
5MATERIALS AND METHODS
Field experiments were conducted in 1979 0
 1980, and 1981 on
privately-opined farm Fields. The smth-combine and straight combine
methods of harvesting were compared each ;gar by measuring grain
yield, test weight, and grain nitrogen (protein) concentration.
Comparisons also were made among throe swathing stubble heights in
1980, ark between two swathing widths in 1981. Other measurements
were made some years which are described under the specific year.
Farm-sized swathes and combines were used in all harvesting
procedures.
The combine-threshed
 
grain was collected in bags, oven-dried at
1560F, cleaned, and weighed. Yield measurements were based an the
total quantity from each plot calculated at 60 pounds per bushel.
Test weight measurements were based on a quart volume randomly
removed from the total sample. Grain nitrogen concentration was
measured by a micro-Kjeldahl procedure (Shuman et al., 1973)• All
measurements are expressed in terms of oven-dry grain.
Following threshing, a square meter (1.2 square yards) area was
vacuumed in the center of each plot to pick up grain that had fallen
to the soil surface. The kernels were separated from the soil and
straw, oven-dried, them counted and weighed.
When rainfall did not occur to wet the crop, water was sprinkler
irrigated on the windrows and the standing crop to simulate rain.
The amount of water applied by sprinkler was measured with cans
placed on the area blanketed by the sprinklers. Rain was measured
with a standard rain gauge.
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Plots were established on September 7 in a field seeded to a
mixture of several hard red spring wheat oultivars. Each plot of
standing and windrowed crop was an area 10.5 feet wide and 60 feet
long. The swath stubble height was about 10 inches. Each treatment
of six threshing dates and two harvesting methods (straight and
swath-combine) was repeated three times. Except for 0.82 inches
rain, all water applied on a given day was sprinkler-irrigated on the
plots over a period of 45 minutes at a rate of about an inch per hour,
(Table 1).
1980
Plots were established in a field of Wared hard red spring
wheat. Swathed plots were out on August 7 at stubble heights of 4,
9, and 14 inches. Each plot of standing area windrowed crop was an
area 10.5 feet wide and 45 feet long. Each treatment of six
threshing dates and of harvesting methods (straight a.-A swath-combine
of three stubble cutting heights) was repeated three times. However,
because of threshing problems, data of the first threshing date are
not included in the text. The plot areas were wetted with more than
10 inches of water, with slightly more than 6 inches from rain (Table
1). Water sprinkled on the plots on a given day was applied over a
period of 45 minutes at a rate of about 1.5 inches per hour.
The number of damaged kernels (sprouted and discolored) was
determined from a 0.5 pint subsample randomly removed from the total
sample. Each kernel was examined under magnification. The kernel
was classed as sprouted when the ooleoptile was visible, and as
7discolored when dark blemishes were observed. When the kernel was
both sprouted: and discolored it was classed as sprouted. The
examination of kernels was made by one person.
The plots were established in a field of Olaf hard rod spring
wheat. Swathed plots were out on August 18 leaving a stubble height
of about 9 inches. All plots were 50 feet long. The standing crop
}	 plots and one set of plots of swathed crop were 10.5 feet wide, and
the other set of plots of swathed crop was 15 feet wide. Each
treatment of six threshing dates and of harvesting methods (straight
and swath-combine of two swath widths) was repeated four times.
	 f
Mater sprinkled on the plots was applied over a 2.5 to 2.75-hour
period, usually beginning about 4 o'clock in the afternoon (Table
1). Following the second threshing, the windrows were covered with
clear plastic sheeting at about 9:00 am ( =) on the day after
sprinkling. The plastic sheet was left on the windrows for 24 hairs
after the second threshing date, for 55 hours after the third
threshing date, and for 78 hours after each of the fourth and fifth
threshing dates.
The number of sprouted and of discolored kernels was determined
under magnification from a constant volume subsample of about 200
kernels. The system to determine damage was identical to the one
described above in 1980. The same person made the examinations in
1980 and 1981.
Straw water concentration xas determined on a subsWle collected
at threshing, weighing the straw before and after oven drying at
156oF.
8B93ULIZAND DISC It
The amount of water required to wet a asap is relatively wall.
To illustrate: the water in the grain and straw of a hard red spring
whit crop yielding 50 bushels per acre, saturated to 150% water
ao centration, weighs about 9000 pounds. (3traw and grain weight are
about equal in a crop which yields 50 bushels per more; dyer and
Zubriski, 1978). Mine thousand pounds of water is equivalent to 0.04
inches rain falling an one acre. (An inch of water over an acre
weighs 113.26 toss). However, a standing crop of spring wheat seeded
in 6 to 7 inch rows will not be saturated by 0.04 inches rain because
not all the rain will shrike the crop. If one were to assume that
only 253 strikes the amp and that all the rain striking the crop is
absorbed and nose is evaporated, then the amount of water needed
would be supplied by 0.16 inches rain.
Assuming a rainfall rate slow enough so that no runoff occurs,
the amount of rain needed to saturate yard-wide windrows of a crop of
various yields, out with a swather of various widths, is shown in
Figure 1. The amount of rain required to saturate a windrow is
greater than is required for the standing crop because the windrow is
concentrated in a amaller area. The quantity of tissue in a windrow
will vary with the quantity produced per wait area, stubble cutting
height, and with swath width. A yard-wide windrow of a 30 bushel per
acre crop out with an 18-foot swather can be saturated with about
4.21 inches rain, assuming all the rain striking the windrow is
absorbed and rare is evaporated. (Highest recorded state average
wheat yield in North Dakota is 28.6 bushels per acre in 1971; 3xith,
.
1978).
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Grain Yi
￿
Harvested grain yields differed between the straight and
swath-combining methods when th;li windrows were formed with a
10.5-foot swath out at about a 9-inch height only in 1979 (Table Z),
area then only at the first ane sixth threshing dates. On the first
date, yields were higher on straight combined plots and on the sixth
date on windrowed plots. (The loin yield in the windrow at the first
threshing date is attributed to experimental error). The amount of
grain loss by shattering in 1979 9 as wasured by the amount vacuumed
from the plots (Table 3), generally reflected the same trend as the
threshed yield in that shattering losses were highest with straight
combining by the sixth threshing date.
Shattering losses in Olaf wheat in 1981 also were higher on
straight combining than on windrows,, at the fourth and fifth
thrashings (Table 3). But they were lower at the sixth threshing.
The reason for the apparent less loss at the sixth threshing date is
that more of the Brain that had been shattered from the standing crop
sprouted and became anchored to the mil, and therefore was not
vacuumed tip.
Shatte^ing is caused by the transfer of energy to a wheat head by
raindrop impact: whether the head is an a standing o;, windrowed
crop. Less shattering is likely in the windrowed crop because fewer
heads are exposed to direct hits. Wind too can cause shattering ;n
the standing crop when the speed is great enough to cause heads to
strike other heads or stems. The ease of shnttering, howeser,
differs among varieties.
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Harvested grain yields in 1980 on A-mods stubble avenged 5.2
bushels per acre higher than on the 9-inch stubble and 8.9 higher
than an 14-ina h stubble {Table Or about 14 to 238 differer ".
Further, yields on 4-inch stubble were oonsistently higher than on
14-inah stubble at all threshing dates, and hider than on 9-iaah
stubble on all except the sixth threshing. The lower harvested
yields on taller stubble is attributed to more extensive vindrow:soil
contacts thus allowing more of the sprouting brain to beams anchored
to the soli. The taller stubble is less rigid and bends more  easily
under windrow weight allowing mom of the windrow to lie on the soil
Instead of being supported above the soil surface. Also, on the
14-inch stubble, much of the windrow fell through the stubble during
the first rain, allowing extensive sprouting and head anchoring to
occur. Windrows are pushed into and through stubble by the energy
that is transferred frm raindrop impact.
The volume and length of straw in the windrows is reduced as
stubble cutting height increases. The lower the volume of straw in
relation to stubble height the sore easily the windrow will be foroed
down through the upright stubb:.e by rain. In 1980, the average
height of hared wheat was 28 inches hence th" proportion of stubble
height to straw length was 1:6, 1:2, and 1:1 for 4-Inch, 9-inch, and
14-inch stubble, respectively. The volume of tissue in the windrows
from a given cutting height will vary with swath width. Hence crop
height, stubble cutting height, and swath width (spike population)
need to be considered to determine the ideal windrow volume to
su000r*t an the stubble. However. consideration m y need to be Woven
was received before the first windrows were picked up and threshed
(Table 1). The initial 2.02 inches fell in one storm within 3 days
after swathing, and this was followed by another 1.10 inches a week
after the first stem.
Although the short stubble gave better support to windrows and
provided a yield advantage over taller stubble in a wet harvest year
like 1980, some of the yield advantage gained at harvest with short
stubble may be offset in some succeeding years beeause short stubble
has less snow-trapping capability than tall stubble. With leas
snow-trapping there is a reduction in the water storage potential
for the next crop. This is illustrated from four years data
developed at Mandan Y. On 14-inch stubble, each inch of stubble
above 2 inches height increased the average available soil water
content 0.15 inches in the upper 3 feet of soil from late autumn to
spring seeding, a total of 1.80 inches, while on 8-inch stubble, each
inch of stubble above 2 inches height increased the soil water
content about 0.09 inches in the upper 3 feet over the same time
period. The long -t-cem average contribution to wheat grain yield from
an inch of stored soil water at seeding is about 2.4 bushels per acre
!Bauer, 1972).
Swath width, 10.5 versus 15 feet, had no effect of grain yield in
1981 (Table 5).
1J Unpublished data, Bauer.
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The effect of harvesting method on grain test weight was not
consistent with years (Table 5). In 1979 there was no difference
between methods. In 1980 the test weight has lower in the windrowed
crop at all threshing dates. In 1981 test weights were lower in
windrowed crop on the third through sixth threshing dates.
The difference ±n test weight between harvesting methods likely
is associated with differences in rate of drying. The spikes of the
starving crop dry faster than the spikes in windrows because of
better air circulation. With sore rapid drying, less water is
imbibed-by the grain. Seeds swell when they take up water and remain
partially swelled after drying. This irreversible change in seed
Size is the cause of lowering of test weight (Ciha, 1981). The
extent of swelling likely is related to the aunt of water absorbed
above an unknown minimum amount required to initiate expansion.
Because of the -arm .
 dry uvather that prevailed in 1979, the
water sprinkled on the windrows and standing crop evaporated
rapidly. Hence water uptake by the grain from sprinkling was minimal
anti no change in test weight occurred.
In 1980, no measurement of test weight was obtained before 4.32
inches o: rain wetted the windrows, hence the change that occurred
because of the rain is unknown. However, test weight was
consistently higher in the standing crop than the windrowed crop.
Also, test weight of grain from windrows on the 14-inch stubble was
about 0.7 pounds per bushel lower than grain from 9-inch stubble
windrows (Table 7), but did not differ from that of the 4-inch
stubble. A larger portion of the windrow on the 14-inch stubble =de
soil contact, and so drying rate likely was slower than in windrows
on the 9-inch stubble.
After the second thrashing in 1981, the windrows were covered
with clear plastic shoots about lb hours after wetting, to reduce the
rate of drying in the windrows relative to the standing crop. The
affect of this treatment is apparent in the lower test weights, shown
in data in Table b. Also, the lower test weight associated with the
15-foot swaths compared to the 10.5-foot swaths in 1981 (Table 5)
appear to be a reflection of a slower drying rate in the larger
windrows.
These data show that the length of time that water is present to
be absorbed by the grain is a major factor in causing a decrease in
test weight. A decrease in test weight does not necessarily occur
with each rain event. The effect on test weight of length of time
water can be absorbed by the grain is provided by the 1980 and 1981
data. Test weight of grain in windrows was lower than in the
standing crop because windrows dried more slowly. Water available
for absorption by the grain after rainfall ceases includes water
adsorbed to and absorbed by spike tissue. In the case of windrows,
additional water absorbed by the grain can come from the straw.
Crain Protein
Crain nitrogen concentration (protein) differed between
harvesting methods in 1980 (Table 8), but not in 1979 and 1981. The
difference at the fourth threshing in 1979 was not found at the other
threshing dates. In 1980, the grain nitrogen was lower in the 9-inch
stubble swathed crop than standing crop, an average of 0.20
a
14
percentage units over the five threshing dates. But, there we no
difference in grain nitrogen concentration among the three swath,
stubble-outting heights as threshed in the field (Table 7), that is,
befog
 separation of "good" from "damaged" kernels: Further, the
concentration was lower in the "good" kernels on the 9-inch stubble
and was higher in the "damaged" kernels of the standing crop than any
of the windrowed crop (Table 7). NO reason can be given for this
anomalous outcome.
Within any stubble height, nitre concentration in the
"damaged" kernels averaged consistently higher than in the "good"
kernels. The reason for the higher nitrogen concentration in
"damaged" grain is that in the process of sprouting, carbohydrates
are consumed in respiration and carbon dioxide is released. With the
loss of carbohydrates, the apparent nitrogen concentration
increases. Also one could expect protein synthesis taking place as
germination begins. Proteins are not consumed during respiration but
are utilized in the synthesis of other organic nitrogenous compounds
(Meyer and Anderson, 1952).
Swath width, 10.5 versus 15 feet, had no effect on grain nitrogen
concentration in 1981 (Table 5).
2 ain Damage
Damage to grain, sprouting plus discoloration, was severe in the
high rainfall year 1980, and in general increased with delayed
threshing (Table 9, 10). At the initial threshing, damage was higher
on the 9-inch than either the 4-inch or 14-inch stubbles. On the
subsequent thrashings, damage was as high or higher in grain on
i^
4-inch stubble as on the taller stubbles. The relatively lower
sprouting percentage on the 4- and 14-inch stubbles is likely a
election of sprouted gratin becoming anchored to the soil and not
being picked up and included in the threshed grain. Danage was also
Observed in grain harvested by the straight combine wathod (Table
10), but the severity of damago was roughly 508 lea,. This outoome
supports the premise that spikes on the standing crop dry faster than
spikes in the windrows.
Damage to kernels was less severe in 1481 (Table 10) than 1480*
Differencea between harvesting; methods were not aignificant until the
fourth threshing. Covering the windrows with clear plastic sheets to
reduce the drying rate also likely raised the tomperature of the
windrow and contributed to increased damage. More of the damage was
i
a result of microbial activity, as reflected by discoloration, than
sprouting. ( Data are not shown).
Grain damiRe (sprout plus discoloration) of less than 3%
dir erence was statistically significant between the 10.5 and 15-foot
swaths in 1981 (Table 5).
Water in Straw
Water concentration in the straw of the 1931 standing trop was
conslstQntly higher than in the straw from windrows (Table 11). At
the same tit0, the water concentration in the drain, while differing
significantly, differed by no more than two percentage units between
the windrowed and standing crop. Apparently the straw of a standing
crop continued to absorb water from the soil after it WAS mature.
This can affect the 0430 of threshing grain to he straight combined.
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SUMMARY AND C4NCLU3101
I. The amount of water needed to saturate a standing crop of wheat
yielding 50 bushels per acre, gown in 6 to 7-inch spacing, is
about 0.16 inches, provided that all the rain striking the tissue
is absorbed by it and there is no loss by evaporation.
2. Yard-wide windrows of a 30-bushel per acre crop out with an
18-foot swather can be saturated with about 4.21 inches rain,
provided there is no runoff from the windrow ar.d no water loss by
evaporation.
3. Harvested grain yields differed between straight combining and
windrows farmed with a 106-foot swather, leaving a 9-inch
stubble, in one year out of three and only at the sixth threshing
date.
4. Harvested grain yields on 4-inch stubble averaged 146 and 23%
higher than on 9-Inch and 14-inch, respectively. Long stubble.
less rigid, allowed a greater opportunity for contact between the
windrow and soil. Also, short straw mare readily fell between or
was driven between the stubble by raindrop impact and thus made
contact with the soil. More anchoring (sprouting grain rooting
in soil) occurred on 9- and 14-inch stubble than 4 -inch stubble.
S. After each rain, the standing crop lost some of its erectness.
Nance the roquired cutting height of straight combined crop was
lowered with each date to assure that all spikes were threshed.
6. Test weight of grain differed bete straight combining and
swathing some years. The reason likely is associated with drying
rate. Spikes of the standing crop dried faster than spikes in
windrows, likely because of better air circulation. Seeds swell
when they take up water and remain at least partially swelled
after subsequent drying.
7. Grain protein differed between cutting methods in one year of
three. Protein in sprouted kernels was at a higher concentration
than in kernels not observed to have sprouted. In the sprouting
process, carbohydrates are consumed with respiration and carbon
dioxide is released and lost. Proteins are not consumed in
respiration. Hence, an apparent increase in protein is measured
because of a decrease in carbohydrate concentration.
8. Sprouting was severe in a year when high rainfall occurred after
the wheat had ripened in the windrow. In general, severity
increased with increased delay in threshing. Sprouting also
occurred in grain harvested by the straight combine method, but
the severity of damage was about 50% less than in the windrowed
9. Water concentration in the straw of the 1981 standing crop was
consistently higher than in the straw in windrows at each
threshing date, the smallest difference being 8 percentage units
and the largest 27 percentage units. Simultaneously, the water
concentration in the grain was higher in standing grain than
windrowed by no more than two percentage units at any threshing
t$
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Table 1. Interval between swathing and threshing, and anount of water applied to
windrows and standing grain.
 
1980 1281rr^n
Meth	 Thrl1^/ Loomlue X .erg Interval'^^ In d ter ms
date days inches days inches days inches
Swath	 1 10 0.82Y - Y 6 0.06
2 13 1.57 18 4.32 S 10 1.40
3 17 2.32 21 3.42 16 2.34
3-142/4 20 3.08 29 6.76
70861/
22
5 24 3.83 35
Y
28 4.39
5.79106 29 4.58 53 10.03 34
Straight	 1 14	 0.82 - -	 9 6 0.06
2 17	 1.57 21 S.42 1/ 10 1.40
3 20	 2.33 28 7.8661
"
16 2.34
4.2614 24	 3.08 35 8.96 22
5 28	 3.83 40 9.11 2/ 28 5.4611]
6 32	 4.64 53 10.55 34 6.91 -
1! See Table 2 for the threshing dates.
2! From date of awathing to threshing.
! Sun of rainfall and water applied by sprinkler system.
4! Except for the 0.82 inches, all water was applied by sprinkler.
9! Of this total, 4.32 inches was rain.
6! Of this total, 5.66 inches was rain.
Z! Of this total, 5.81 inches was rain.
8! Of - this total, 6.15 inches was rain.
I/ windrows were covered with plastic sheets daring a 1.12-inch rain event.
10! Of this total, 0.19 inks was rain frow 4 stows.
1'1! Of this total, 1.31 inches was rain from 5 storm.
Table 2. Grain yield oomM Leon& between swath and straight combine nethade of
tutting turd red spring wheat.
rnMshLftJvftMej AtraLght Mary mum fm^fmv1 &&Mau1 bu/aeV bu/awdate	 bulge
1	 27.7 d 34.9 a - - 27.2 a	 28.8 a
2	 30 .9 bo 32.6 ab 30.9 a 35.0 a 26.7 a	 28.1 a
3	 32.1 be 33.1 ab 30.0 a 28.0 a 28.2 a	 27.1 a
4	 29.6 ad 31 .7 bo 32. 1 a 32.9 a 26.2 a	 23.3 a
5	 31.5 bet 31.3 be 36.4 a 34.6 a 24.1 a	 23.1 a
6	 30.8 bo 23.7 a 34.5 a 34.8 a 22.0 a	 22.9 a
It	 Threshing dates: 1979 Swathe 9/17 9 9/20, 9/24, 9/27, 10101 1 10/04;
1979 Straight: 9/21, 9/24, 9/27, 10/01 9 10/04, 10/09;
1480 Swath: 8/25. 8/28, 9/5r 9/11 9 9/29;
1980 Straight: $/28 9 9/4, 9/11 0 9/16, 9/29;
1981 Swth: 8/24, 8/28, 9/3, 9/9, 9/15, 9121;
1981 Straight: 8/24, 8/28, 9/s, 9/9, 9/15 0 9/21.
2/	 Stubble height 10 inches-
j/	 Stubble height 9 inches.
4/	 Stubble height 9 inches.
$/	 (Lt with 10.5 foot swather.
b/	 Within a rear, yield data followed by the saes letter do not differ
at the 53 confidence level.
Table 3. Grain veommed frog the Vwmd oomWing amttved wd straight eambUw
wthoda of cutting hard red spring Ott.
w
DMOAgem"	 lumiat me MIA" an 80=
date	 bulao bulao bu/so
1	 4.2bF 2.0 bo -- 0.4ey 0.80
2	 1.6 a 2.8 ba 1.4 a 2.4 a 0.6 a 0.7 0
3	 2.8 bo 1.9 o 8.7 a 10.6 a 1.6 de 1.8 de
4	 2.0 be 1.8a 4.5a 7.6a 1.8 de 4.8ab
S	 2.9 bo 3.6 bo - 1.8 de 3.6 be
6	 3.0 bo 6.9 a 16.8 a 10.0 a 9.2 a 2.7 od
1l	 3ee Table 2 for threshing date$.
'J!	 Within a year, data folloasd by the same letter do not differ at the 5%
aonfidencae lerel.
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Table 4. tffaot of stubble height an grain yields 1980.
Stile heiet. Inches1
.L
data	 bulao
s
2	 36.3 b	 30.9 od 29.0 do
3	 35.0 ba	 30-040 29.9 da
4	 41"S a
	
322.1 bad 30.8 at
5	 41.2 a	 36.3 b 30.0 de
6	 2.8 b	 4.' be .? a
Average	 38.0 a	 32.8 b 2401 b
1!	 See Table 2 far threshing dates.I/ Among these three aalvana l yield data follow by the am
latter do not differ at the 5% omfidenoe level.It	 Within this rat, field data followed by the same letter do
not differ at the 5% oonfidemoe level.
OF POOR QUALM
k
Table S. Measurement oamparieons between windrows from 10.5• and 15-
foot awatha. 1981.
nth width, feet
Measurement
	 1G .5	
-iL
Grain yield {bulao)	 25.7 a	 25.7 a
Teat weight (lbelbu)
	 55.9 a	 55.1 b
Grain nitrogen (;N)	 3.33 a	 3.37 a
Number sprouts {5)	 t b	 5 a
Number damaged {x)
	
10 a	 7 b
1! Within a row, the data followed by the same letter do not differ
at the 5% confidence level.
2l Fereent of the total number of kernels in the sample.
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Table 6. Test weight comparisons between swathed and straight combine methods of
cutting hard rail spring wheat.
Method e202a
Threshi 
l Stith 3t alb th	 Sty ftM
date	 lbslbu lbstbu lbslbu
1	 58.1a 57.6a
-2/ 59.2aV 58.1b
2	 57.4 a 57.9 a 56.5 od 57.4 A b 56.9 de 57.3 od
3	 57.4 a 57.4 a 56.2 d 58.0 a 55.2 g 57.6 be
4	 57.0 a 58.1 a 55.3 a 58.2 a 55.2 g 56.5 o
5	 57.2 a 58.7 a 55.2 a 57.0 be 54.4 h 56.3 of
6	 56.7 a 57.8 a 54.2 f 57.9 a 54.3 h 554 Cg
1!	 See Table 2 for threshing dates.
2f	 Within a year, Lest weight data followed by the same letter do not differ at
the 58 confidence level.
PA? QUALM
ORIGINAL PAGE PS
OF POOR QUALITY
Table 7.	 Stfect of stubble height on grain test weight and min
nitrogen (N) concentration, 1980.
Stubble height. inches!
MMUSUMMI;	
-2— in
Test weight (ibalbu)	 55.0 be	 55.5 b	 54.5 a 57.7 a
Grain V. field M 1 1	 2.25 b	 2.32 b
	 2.34 b 2.52 a
Grain N, good (5) 1	 2.26 ab	 2.16 b
	 2.35 a 2.322 a
Grain N, damaged M 4l 	 2.52 b
	 2.55 b	 2.40 c 2.91 a
It	 Within any row, measurement data followed by the same
number do not differ at the 5% confidence level.
2l	 Grain N concentration of kernels as threshed in the field.
/	 Grain N concentration of kernels not discolored or aprouted.
I	 Grain N concentration of sprouted and discolored kernels.
5!	 Grain N time 5.7 equals percent protein.
Thresh i/ th Stra	 t
date N
1 2.82 be 2.79 be
2 2.93 ab 2.95 ab
3 2.85 be 2.84 be
4 2.72 c 3.09 a
5 2.77 be 2.86 be
6 2.81 be 2.96 ab
Avg.
i 8G
methgg
Swath 	 Straight
% N
2.30
2.36
2.25
2.40
L. U 12.32 b
$1
e
Swath St
^N
3.37a^ 3.47a
3.37 a 3.27 a
3.21 a 3.38 a
3.40 a 3.26 a
3.36 a 3.27 a
3.28 a 3.49 a
2.48
2.54
2.49
2.70
2.42
2.52 a
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Table 8. Grain nitrogen ooncentration comwisons between swathed and straight
combine methods of cutting turd red spring wheat.
1! See Table 2 for threshing dates.
2l Within a year, nitrogen concentration data followed by the saoe letter do not
differ at the 5$ confidence level.
Il Nitrogen concentration was lower in the windrows than in the standing grain.
ti
Table 9. effect of stubble height and thrashing date on percent damage to
wheat grain, 1954.
Stubble hejot& ja 9_
i^^1! 4 14 Arm
date percent
24 adeY Y V2 9 f 7 f 13 d
3 27 ad 25 cde 16 def 23 a
4 35 ba 31 a 12 of 26 a
5 48 ab 28 ad 23 ado 33 b
6 50 a 4M ab 51 a 49 a
5
Average 34 a 30 a 22 b
I/ See Table 2 for threshing dates.
2/ Dates: 8/25, 8/28, 915, 9/11, and 9/29
j/ Among arose three oolumns data followed by the same letter do not
differ at the 53 confidence level.
4/ Within this column, data followed by the same letter do not
.. differ at the 5% confidence level.
5/ Within this row, data followed by the acme letter do not differ
at the 5% confidence level.
Table 10. Percent of domed iormis in thrashed gain in 190 and 1961
as affected by date and cutting method.
1980 1
Method Method
'Th to sodate percent percent
1 -	 - 6 d .V 9 bad
2 24	 12 11 ba 10 bad
3 25	 11 11 be 8 ad
4 31	 13 14 ab 9 ad
5 28	 25 19 a 8 ad
6 !1	 U 11 a bad
Average 30 a 2/	 17 b 13 a 1 8 b
1!	 see Table 2 for threshing dates.
2!	 Nithin a year, data of averages followed by the same letter do not differ
at the 5% confided level.
,1l	 Among these two oolusms, exclusive of the average values, data followed
by the same letter do not differ at the 5$ confidence level.
Table U. Water concentration in the gain and straw at threshing as affected by
ontting method, 1961.
.^......^^ , e
Stray i
Qittinn me hod Cuttlas101 M-h (fAtj
Threshing"^ 1 .
date	 water Voter
1	 a1	 a 10110 9 37
2	 9	 11 13 $ 8 17
3
	
10	 12 11 - - -
4	 9	 10 11 6 0 31
5	 13	 12 14 11 13 23
6	 16 14
-2 10 18
9b^lib	 11 b 12a 9b 25a
1/	 See Table 2 for threshing dates.
2l	 Statistically the water concentration did not differ in the grain or straw
within a given harvest.
Y	 Within this row, data followed by the same letter do not differ at the 5%
confidence level.
4/	 Within this row, data followed by the same letter do not differ at the 5%
confidence level.
